Human gastric electrical activity consists of recurrent regular depolarisations (slow waves) at 2.5 to 4 cycles per minute, and intermittent high frequency oscillations (spikes) that appear only in association with contractions. Slow waves begin high on the greater curvature and pass aborally towards the lesser curvature, accelerating as the pylorus is approached. As spikes can only occur during a portion of the slow wave cycle, slow waves are the ultimate determinant of the frequency and direction of propagation of contractions.
Slow waves are best recorded in vivo by surgically implanted electrodes. They have also been recorded by percutaneous and transmucosal techniques." The latter techniques are, however, noisy and recognition of gastric slow waves is possible during part of the recording time only. In some patients, successful recordings are not obtainable. Spikes are generally not seen on transcutaneous recordings.
In spite of the recording difficulties, abnormalities in gastric slow wave activity have been described using these techniques in patients with unexplained nausea and vomiting,5 anorexia nervosa,8 gastroparesis,`" pregnancy related nausea,'2 and motion sickness."'" Although comparing groups of patients with the same technique, as in these studies, lends credence to the existence of an abnormality in a particular group, the accuracy of transcutaneous electrogastrograms in diagnosing an abnormality in a single patient has not been determined.
This study was undertaken to determine the ability of transcutaneous electrical recordings to recognise various types of gastric slow wave abnormality. Implanted electrodes were used as our 'gold standard'. The postoperative period afforded the opportunity to study both normal and abnormal states of gastric slow waves. Abnormalities in these after surgery have been described using serosal electrodes."1'5 To exploit fully the potential of transcutaneous recordings, both visual analysis and extensive filtering and analysis on a digital computer were performed.
Methods

ELECTROGASTROGRAPHIC METHODS
Transcutaneous and serosal recordings of gastric slow waves were made simultaneously on six patients undergoing laparotomy for fundoplication, cholecystectomy, or bowel resection. The study had been approved by the ethics committee of the University of Alberta Hospitals in October 1986 and informed written consent was obtained from each subject before the procedure.
Three pairs of stainless steel wire electrodes 0.254 mm in diameter were implanted subserosally into the anterior surface of the antral wall, between 15 cm and 10.5 cm from the pylorus. The Teflon coated connecting wires were brought out through a 1 inch Penrose drain via a separate stab wound. Four ordinary Hewlett Packard electrocardiography electrodes (type 14445C) were placed on the skin in the epigastric region to form two pairs of bipolar recording electrodes. Each pair was aligned with the antral axis as previously described'9 or as close to it as the surgical wounds permitted.
The implanted electrodes were connected to a Beckman dynograph recorder with a low cut off frequency of 0-017 Hz (1 cycle/minute) and a high cut off frequency of 30 Hz (1800 cycles/ minute). The cutaneous electrodes were connected to the dynograph at a low cut off frequency of 0.017 Hz (1 cycle/minute) and a high cut off frequency of 0.08 Hz (4.8 cycles/minute). The cut off frequency of 0-08 Hz was necessary to ensure rejection of electrocardiographic artefacts from the transcutaneous recording. The slope of this first order filter, however, was quite gentle (6 dB/octave). The attenuation at the cut off frequency (4.8 cpm) was -3 dB (or a factor of 0-71), and the attenuation of a signal at 9.6 cpm was still only -6 dB (or a factor of 0 5 -0 -w r -v -0 S S -w -0 # f --w - (Table I) . Coupled (tachygastria, irregular slow wave, electrical 'shutdown') and uncoupled abnormalities were observed. Tachygastria was the commonest abnormality detected in both the transcutaneous and gastric recordings (Fig iB) . Eleven episodes of irregular slow waves lasting an average of seven minutes were recorded (Fig IC) . Electrical 'shutdown' was recorded five times by the serosal electrodes with an average duration of 3.5 (2.6) minutes (Fig ID) . Nine (Fig 1E and F) .
Computer analysis dramatically improved the ability of transcutaneous recordings to detect coupled gastric events (Table II) . For waves by power spectrum analysis was contingent on the observer detecting particular trends in sequential frames of the power spectra and was therefore quite subjective. For example, the variations in frequency of the irregular slow waves (Fig 2) resulted in an unstable frequency pattern in the power spectra analysis as shown in Figure 2B to F. At the height of the transition, two distinct slow wave frequencies that were not harmonically related (2.85 and 4.69 cpm) were seen (Fig 2D) . When the transcutaneous signal was normal, Cutaneous records, however, cannot pick up uncoupling (Fig 3) . Homogeneous linear con-_ ducting models of the human torso2' 23 Similarly, tachygastria will be an accurate reflection of the situation in the stomach in nine out of 10 subjects. The commonest abnormality reported in patients with gastric electrical abnoring malities is, in fact, tachygastria.5 8 10 It might be has asked whether tachygastria is ofmuch functional led importance. Although a frequency of 6 per ttle minute indicates a change in the state of the of gastric oscillators, it is not established that [m, contractions occurring at a frequency of 6 per ro-minute are less efficient than those occurring at 3 is per minute. 
